INTRODUCTION
Only very recently a pleomorphic gram-negative rod-shaped bacterium was isolated in various countries from turkeys and chickens with respiratory disease (1, 4, 5) . These bacteria could not be classified as belonging to an already known species, and subsequently a new taxon Ornithobacterium rhinotracheale gen. nov., sp. nov. was proposed (6) . The clinical symptoms associated with the isolation of O. rhinotracheale included weakness, gasping, severe dyspnoea, mucus discharge and mortality (1, 4) . Dissection showed fibrinopurulent pneumonia and fibrinous inflammation of the thoracic air sacs (1, 4, 5) .
In the present paper we describe experimental infection of turkeys and chickens with isolated and pure cultures of O. rhinotracheale in order to reproduce the respiratory disease seen in clinical outbreaks. Furthermore, the possible triggering effect of various respiratory viruses on the outcome of experimental O. rhinotracheale infection was investigated.
MATERIALS AND METHODS
Bacterial strains. The two strains used for this study were O. rhinotracheale strain B3263/91, isolated from a diseased broiler chicken in South Africa by J.H. duPreez and strain GGD-1261, isolated from an affected fattening turkey in Germany by H.M. Hafez. Both strains were maintained lyophilized at -20°C. Bacteria were grown at 37°C on sheep blood agar plates in a 5-10% CO 2 atmosphere, or in brainheart infusion broth (BHI, Oxoid) at 37°C. When grown on bloodagar for at least 48 hr, O. rhinotracheale colonies appeared tiny, grey to grey-white, sometimes with a reddish glow, and had a distinct odor related to butyric acid. Viral strains. Turkey rhinotracheitis (TRT) virus strains 3B OC21 (turkey challenge strain) and SA-2381-88/OC20 (isolated out of diseased broiler chickens in South Africa) both were obtained as frozen virus suspensions from J. Cook (Intervet UK Ltd, England). The Newcastle Disease (ND) virus strain used was a lentogenic strain LaSota as described by Goldhaft (3) . The Infectious Bronchitis (IB) virus strain used was a clone derived from Mild Mass H, belonging to the Massechussetts serotype.
Experimental animals. The chickens used were commercial Hybro-broilers (Interbroed, Gemert, The Netherlands), and fattening turkeys used were commercial British United Turkeys (BUT) animals (Plukon, Ruinen, The Netherlands). Both broilers and turkeys were purchased as embryonated eggs, and housed in isolaters immediately after hatching. Food (Hendrix' voeders, Heijen, The Netherlands) and water were given ad libitum.
Intra-air sac challenge. For intra-air sac challenge, the bacterial strains were first passed through eggs. Bacteria were harvested from blood agar plates in 0.04M posphate-buffered saline (pH = 7.2) and inoculated into the yolk sac of 7-9-day-old embryonated eggs. The eggs were incubated until embryo death, which mostly occurred within 2 days. Subsequently, yolks were collected and stored at -20°C. For challenge, 0.2 ml of infected yolk, containing 4.2 x 10 8 colony-forming units (CFU) of strain B3263/91 or 7.5 x 10 8 CFU of strain GGD-1261, was injected per bird directly into the right abdominal air sac.
Aerosol challenge. For aerosol challenge, the bacterial strains were grown in BHI for 24 h at 37°C with agitation. In each isolator (approximately 1.5 m 3 ), containing the birds to be challenged, 100 ml of O. rhinotracheale culture with 10 8 -10 9 C.F.U. per ml was administered as a fine spray using a commercial paint sprayer. The developed mist was maintained in the isolators for at least 10 min. with the air circulation closed.
Virus infection. In a number of experiments, birds were infected with virus 5-6 days prior to O. rhinotracheale aerosol challenge. Turkeys were infected with a culture of TRT virus strain 3B OC21 containing 10 6.6 median ciliostatic doses (CD 50 ) per ml, by administering 0.1 ml intranasally and 0.1 ml by eye drop (2) . Broiler chickens were infected with either a culture of TRT virus strain SA-2381-88/OC20 containing 10 4.5 CD 50 per ml by administering 0.1 ml intranasally and 0.1 ml by eye drop, or by a coarse spray of a culture of IB virus containing at least 10 6 median egg infective doses (EID 50 ) per bird, or a coarse spray of a culture of ND virus strain Lasota containing at least 10 6 EID 50 . The coarse spray method was performed according to the method described by Yadin and Orthel (7) using an Hazelock ASL polysprayer 4075 (Louis Blok B.V., Hoevelaken, The Netherlands).
Parameters of infection. During 7 to 14 days after O. rhinotracheale challenge, morbidity and mortality were recorded, the daily weight gain after challenge was determined, macroscopical lesions were recorded at postmortem examination of the birds, and attempts to reisolate the challenge bacteria were carried out. At postmortem examination a scoring system for the observed lesions was used as follows : for thoracic air sacs, 0 = no abnormalities, 1 = one air sac seriously affected by fibrinous airsacculitis or limited pin-head sized foci of fibrinous exudate in both air sacs, 2 = both air sacs seriously affected by fibrinous airsacculitis; for abdominal air sacs, 0 = no abnormalities, 1 = pin-head sized foci of fibrinous exudate or slight diffuse fibrinous airsacculitis, 2 = severe fibrinous airsacculitis; for lungs, 0 = no abnormalities, 1 = unilateral pneumonia, 2 = bilateral pneumonia; for trachea, 0 = no abnormalities, 1 = some exudate in the tracheal lumen, 2 = lumen of the trachea filled with exudate. All data were presented as percentages of the maximal possible lesion scores per group.
Statistical analysis. The statistical analyses for the weights and weight gains were performed by using Student's t-test (single sided). The statistical analyses for the pathologic lesions were performed by using the Kruskal-Wallis one-way analysis of variance.
RESULTS
Intra-air sac challenge. The intra-air sac challenge of 32 days old turkeys with both O. rhinotracheale strains B3263/91 or GGD-1261 resulted in a significant decrease of the daily weight-gain during the 11-day observation period (Table 1) . Mortality or clinical symptoms were not observed after challenge, and macroscopic lesions were absent at autopsy. Furthermore, the challenge bacteria could not be reisolated from the airsacs. The only sites from which O. rhinotracheale could be isolated were the brains (occasionally) and the heel joint (when inflamed). Similar results were seen after intra-air sac challenge of 31-day-old broiler chickens. Thus a significant growth retardation was the predominant effect ( Table 2) . Aerosol challenge of turkeys. Turkeys challenged with an aerosol of O. rhinotracheale strain B3263/91 at 14 days of age showed severe airsacculitis at 7 days post challenge, but no growth retardation. When TRT virus was administered to 8-dayold turkeys prior to O. rhinotracheale challenge 6 days later, a significant growth retardation was seen, together with the induction of severe airsacculitis (Table 3) . Table 3 . Aerosol challenge of turkeys with Ornithobacterium rhinotracheale (O.r.) strain B3263/91, using turkey rhinotracheitis (TRT) virus strain 3B/OC21 as a trigger. TRT administration was at 8 days, O. rhinotracheale challenge was at 14 days, and post mortem investigation was at 21 days of age.
Challenge
Average When 31-day-old turkeys were challenged with O. rhinotracheale significant growth retardation was induced, but growth retardation was accompanied by a significant increase in the airsacculitis score only when TRT virus was administered prior to O. rhinotracheale challenge (Table 4) . Administration of TRT virus alone at an earlier or later age induced only very mild airsacculitis and no decrease in growth rate (Tables 3, 4) . Using an aerosol challenge of turkeys, with or without the prior administration of TRT virus, neither mortality nor clinical symptoms could be induced and no other pathologic lesions developed apart from airsacculitis. The challenge bacteria could be reisolated from the affected air sacs, but isolation from any other nonaffected organ remained negative. (Tables 7, 8 ) with an aerosol of O. rhinotracheale strain B3262/91 and observed for 2 wk after challenge. A significant decrease in daily-weight gain was seen, especially in the second week after challenge (Tables 6, 8) . Pathologic lesions at postmortem investigation in general were mild, with only significant airsacculitis at 1 wk after challenge and, in one of the experiments, severe exudate in the trachea at 2 wk postchallenge.
As shown in Tables 5 and 6 , the administration of IB virus and, to a lesser extent, TRT virus, at 5 days before O. rhinotracheale challenge had an aggravating effect, especially on the development of airsacculitis. As shown in Tables 7 and 8 , the administration of ND virus at 5 days prior to O. rhinotracheale challenge induced a more serious increase of airsacculitis and pneumonia scores, as compared with both O. rhinotracheale challenge or ND administration alone. As in turkeys, especially in the right abdominal air sacs, severe fibrinous inflammation was found. The airsacculitis consisted of a foamy exudate with presence of relatively large clots of fibrin (Figure 1) . In most cases the pneumonia was unilateral with a clear boundary between the affected and healthy part of the lung (Figure 2) . Mortality or clinical symptoms were absent. The challenge bacteria could easily be reisolated from the organs with macroscopical lesions and from tracheal exudate but not from any other non-inflamed organ. Table 5 . Aerosol challenge of broilers with Ornithobacterium rhinotracheale strain B3263/91, using an infectious bronchitis (IB) virus Massechusetts serotype strain and turkey rhinotracheitis (TRT) virus strain SA-2381-88/OC20 as triggers. Virus administration was at 9 days, O. rhinotracheale challenge was at 14 days and post mortem investigations was at 21 days of age.
Average daily weight gain
Pathologic lesions between days 14 and 21
(as a % of the maximal score) Challenge n weight gain (g) Table 6 . Aerosol challenge of broilers with Ornithobacterium rhinotracheale strain B3263/91, using an infectious bronchitis (IB) virus Massechusetts serotype strain and turkey rhinotracheitis (TRT) virus strain SA-2381-88/OC20 as triggers. Virus administration was at 9 days, O. rhinotracheale challenge was at 14 days and post mortem investigations was at 28 days of age. 
DISCUSSION
In this study we showed that experimental infection of both turkeys and broilers with O. rhinotracheale bacteria could evoke respiratory disease, with at least partly the same characteristics as seen in clinical outbreaks. Both a turkey and a broiler O. rhinotracheale isolate induced growth retardation in turkeys as well as in broiler chickens after intra-air sac challenge without macroscopical lesions. The O. rhinotracheale strain isolated from a diseased broiler was used for aerosol challenge of both turkeys and broilers of various ages, and was capable to induce airsacculitis and/or growth retardation. In turkeys, infection appeared to be aggravated by the prior administration of a turkey TRT virus isolate. In broilers, infection appeared to be aggravated by the prior administration of ND virus, and to a lesser extent by prior administration of IB virus or a chicken TRT virus isolate, in particular with regard to development of airsacculitis and pneu-monia.
The most prominent clinical sign after experimental infection appeared to be the growth retardation. Also, in clinical outbreaks in the field a decreased feed and water intake was associated with the isolation of O. rhinotracheale (4, van Empel, pers. obs.). However, other clinical signs seen in outbreaks such as weakness, dyspnoea, mucus discharge and even mortality (4,5), were not observed after experimental infection. This seeming discrepancy between natural and experimental O. rhinotracheale infection might be explained by differences in predisposing and aggravating factors. In the present study we showed that infection was aggravated by prior administration of certain avian viruses. But under field conditions also other factors can be of importance such as stress, high stock density, poor ventilation, presence of other bacteria, or high ammonia levels.
With regard to pathology, the most prominent lesion after experimental O. rhinotracheale infection was the development of fibrinous airsacculitis, sometimes accompanied by pneumonia or tracheal exudate. These postmortem features were also observed in clinical outbreaks associated with the isolation of O. rhinotracheale (1,4,5; van Empel, pers. obs.). Although not all clinical signs and postmortem findings as seen in clinical outbreaks could be reproduced after experimental O. rhinotracheale infection, we nevertheless feel that the present study demonstrates that O. rhinotracheale is a true infectious agent in turkeys and broiler chickens. All three postulates of Koch are fulfilled : the agent was isolated from diseased birds and not from healthy birds (1,4,5; this study); the agent was grown to purity; and the pure agent was able to reproduce the disease in turkeys and broilers after experimental infection and the agent was recovered from the diseased animal (this study).
In this study a turkey and a broiler isolate of O. rhinotracheale were used. Both strains appeared to have the same effects in turkeys as well as broilers after experimental infection. Therefore, we conclude that so far no clonal pathogenicity exists among O. rhinotracheale strains for either turkeys or broiler chickens, but that strains are equally able to infect various avian species. But, of course, further research will have to provide more answers to the many remaining questions regarding this new avian respiratory disease.
